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Uberblick

Eine kurze Einfihrung in CERN und Hochenergiephysik

— Die Organisation “CERN”
— Das Labor

— Hochenergiephysik

— Beschleuniger

— Experimente

— Spin-Offs
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lhr Besuch bel CERN

Available Tours

The Large Hadron Collider (LHC) - accelerator of the future

See behind the scenes at the sites where huge particle detectors are being assembled for installation
at the collision paints of the LHCs two proton beams.

- ATLAS experiment worksite
- CMS experiment assembly hall
- Test beam halls (TBH)
The Antiproton Decelerator (AD) - CERN's antimatter factor
Visit the only place in the world where antiatoms are produeced in production-line fashion.

- The deceleration machine
- The experimenital hall

The Proton Synchrotron (P5S) - heart of CERN's accelerator complex

Here particles start their journey to the other accelerators (Super Proton Synchrotron, AD and LHC)
Visit:

- LINAC 2, one of CERN's linear accelerators
« LEAR, the machine that produced the very first 9 atoms of antihydrogen in 1995

The LHC, AD, and PS tours include visits to the control rooms where experis control the injection, focusin
and occeleration of particle bearms. = g
j

Dan't -I';‘-gts to visit CERN's on-site exhibition, Microcosm, and admire the Loboratory’s g
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collect. historic reseorch equipment on display in Square VAN HOVE
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1. Juli 1953

Unterzeichnur
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Geschichte

. . . La sixiéme session du Conseil fut organisée a Paris du 29 juin au
17 juillet 1953. C'est a cette occasion que la Convention établissant I'Organisation fut signee, sous réserve de ratification, par douze Etats membres.
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The Sixth Session af the CERN Council took place in Paris on 29 June—1 July 1953. It was here that the Convention establishing the Organization
was signed, subject to ratification, by twelve States.
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o -CERN.—.Das Laboratorium
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CERN Organisation

Robert Aymar
FI/HR DDG
CFO cso
Sigurd Lettow Jos Engelen
Director-General's Services Project Management
I | 1
5G to DG e LHC Office
Maximilian Metzger Lyn Evans
Relations with... |
EU Institutions Administrative Support I I I
HEP Laboratories —‘ Internal Aucht | ALICE | | ATLAS | | s | | LHCb | | LHCF ‘ ‘ TOTEM |
International Organizations
Member States g i
& Council Delegates Council Secretariat LG
EGEE
Scientific Information CNGS
Translations & Minute
Technology Transfer
VIP Office
Safety Commission
HR FI AB TS PH
Human Resources Finance Accelerators & Beams Accelerator Technology Technical Support Information Technology Physics
Enrico Chiaveri Patrick Geeraert Stephen Myers Philippe Lebrun Paolo Cirlani Wolfgang von Riiden Jean-Jacques Blaising
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Member States (Dates of Accession)
=

)
W L USTRIA (1959) -+— DENMARK (1953)  S=== GREECE (1953) A nomwav(iossy TN (o /1061.02/19681/1983)
==
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. BELGIUM (1953) W BN FINUAND (1991) o LUNGARY (1992) POLAND (1991) SWEDEN (1953)

BULGARIA (1999) . FRANCE (1953) l ITALY (1953) ® PORTUGAL (1588) + SWITZERLAND (1953)

r— 2l
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&) CERN User

MEMBER STATES

AUSTRIA 45
BELGIUM 90

BULGARIA 24
CZECH REPUBLIC 172
DENMARK 61
FINLAND 84
FRANCE 718
GERMANY 749
GREECE ’4
HUNGARY 38
ITALY 1433
NETHERLANDS 139
NORWAY 53
W
}Sk’i‘ﬁ‘é’ AL ]?312 SISERVERSTATES OTHER STATES CHINA 55 KOREA 19  SERBIA AND
SLOVAKIA 40 INDIA COLOMBIA 2 LITHUANIA 1 MONTENEGRO 12
SPAIN 28 ISRAEL 53 ARGENTINA 4 CROATIA 14 MEXICO 21 SLOVENIA 12
SWEDEN 49 JAPAN 127 ARMENIA 11 CUBA 3 MOROCCO 6 SOUTH AFRICA 3
SWITZERLAND 238 RUSSIA 811 AUSTRALIA 14 CYPRUS 10 NEW ZEALAND 6  TAIWAN 25
UNITED KINGDOM 512 TI]RKEY 29 AZERBAIJAN 2 ESTONIA 11 PAKISTAN 23 THAILAND 1
USA 973 BELARUS 16 GEORGIA 8 PERU 1 UKRAINE 13

4987 2@ 5 3 BRAZIL 47 IRAN 3 ROMANIA 28

i CANADA 85 IRELAND 9 467
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HochEnergiePhysik

Auf der Suche nach dem,
“Was die Welt im Innersten zusammenhalt”

Suche nach
— elementaren Tellchen
— Kraften
— Symmetrien
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Physique des Particules Cosmologie

Astrophysique
Astronomie

Géophysique

Mécanique
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Leptonen
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- \Methoden.der Hochenergiephysik

Erreichen hoher Energien mit Beschleunigern:

— naturliche Beschleuniger
e Astroteilchenphysik

— kunstliche Beschleuniger
e Teilchenphysik

Untersuchung der Wechselwirkungen von Materie und
Antimaterie mit Detektoren

Willkommen bei CERN Dr. Sascha Marc Schmeling « CERN



Willkommen bei CERN Dr. Sascha Marc Schmeling « CERN




1954-2004

N

@  Expériences LHC ;
Lignes 400 kV existante . FRANCE
Génissiat/Bois-Tollot

Lignes 66 kV enterrées

existantes Echenevex

Ligne 66 kV enterrée
— T~ aréaliser pour le LHC

seqgny

Ligne 18 kV enterrée
a réaliser pour le LHC

Ligne 18 kv PZ33
dans le tunnel

Chevry

Ornex

Sergy
S

Meyrin

1, CERN
v Site de Meyrin
CERM AC - EI4-58 - 03 1997
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Beschleuniger bei CERN

e Frihere Beschleuniger
— SC
— ISR

e Beschleuniger in Betrieb
— PS
e AD Komplex
— SPS

e Fix Target
Experimente

* CNGS

e Zukinftige Beschleuniger

ALICE

— CIDNS
mntipralons
lona

mauirinos io Gran Sasso ()

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator - L H C
ISOLDE: Isotope Separator OnLine DEvice Gran Sasso (T)

PSB: Proton Synchrotron Booster 730 km

PS: Proton Synchrotron -_— C L I C
LINAC: LINear ACcelerator

LEIR: Low Energy Ton Ring Fdolil LI, 1% [vision, CURN, 02,0456

CNGS: Cern Neutrinos to Gran Sasso e o il O B, X

ol
D, hangluski, PS5 Thiv, CHRMN. 23,0501
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TEVATRON

Strahlenergie [MJ]

0.1 - X 10000
B SppS .
E m SNS LEP? m i :
0.01
0.1 1 10 100 1000 10000

Teilchenimpuls [GeVI/c]
R.Assmann
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LHC

_Von dersldee zum Beschleuniger

1982 : Erste Projektstudien

1983 : Z0-Ereignis am SppS

1985 : Nobelpreis fur S. van der Meer und C. Rubbia
1989 : Beginn des LEP-Betriebs (Z Factory)
1994 . Zustimmung zum LHC durch das Council
1996 : Endgultige Entscheidung zum Baubeginn
1996 : LEP Betrieb bei 100 GeV (W Factory)
2000 : Ende des LEP Betriebs

2002 : Abschlufd des LEP Abbaus

2003 : Beginn der LHC Installation

2005 : Beginn der LHC Tests

2007 : Betriebsaufnahme LHC
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Mo Integkationandsl nstallation

Space in tunnel and underground areas is limited
Equipment for many systems need to be installed
3-D computer model for tunnel and underground areas
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;\ Y " TransfenLines SPS - LHC

—-7-1—1-

Two new transfer line ‘m‘ T} Seccamtact g EMEN i .
tunnels from SPSt0 | [sm . S o
LHC are being built. = ____{_-;__’;:_;_-_-'r.. ---f; _-_-;_-_~ -- 7_ : o L
The beam lines use ———

normal conducting
magnets

Length of each line:
about 2.8 km

Commissioning of the
first line for 2004
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LEP/LHC Tunnel
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Reqgular arc:

Magnets

F. Soriano

E /



¥. Muttoni EST/ESI
F. Sorlano




¥. Muttoni ESTES|

F. Sorlano
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s . 8 Regular arc:

Electronics

oA

guench protection, power converters
for orbit correctors and instrumentation
(beam, vacuum + cryogenics)

¥. Muttoni EST/ESI
F. Sorlano
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Superconducting Coils

Spool Piece
Bus Bars

Quadrupole
Bus Bars

Protection
Diode

Beam Pipe

Auxiliary
Bus Bar Tube

Instrumentation
Feed Throughs

Heat Exchanger Pipe

Helium-Il Vessel
Superconducting Bus-Bar
Iron Yoke

Non-Magnetic Collars

Vacuum Vessel
Radiation Screen

Thermal Shield

The
15-m long
LHC cryodipole




Coilsfor Dipolemagnets
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Ralphs Assmanns
EURO

‘ Beam +/- 3 sigma
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(math dipoles and other magnets)

Cryostating and measurements

SMA18 cryostating hall
at CERN for installing
dipole magnets into

| | cryostats
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LHCESupercomducting Magnets

Arc 15-m dipoles and
guadrupoles

Insertion dipoles and
guadrupoles

Corrector magnets
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Four new 18 kW plants
are added to four existing
plants from LEP

26 km long Cryoline: three
100 m prototypes were
built and validated

Contract for construction
and installation of the line
has been awarded

Installation started in 2003

Willkommen bei CERN

Gryogenic System

Dr. Sascha Marc Schmeling « CERN



1954-2004

VeEbindung zwischen Magneten bei LEP

| FPSHUTA? 5
HC 127
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Eine von 1800 Verbindungen zwischen

5praleltenden Maaneten im LHC
-. 20 superconducting bus
s bars 600 A for corrector
a Magnets (minimise
dipole field harmonics)

j 6 superconducting bs
| bars 13 kA for B, QD, QF
8l quadrupole

- -
L
- w

AN

S
To be connected:

e« Beam tubes

* Pipes for helium

3| » Cryostat

8 - Thermal shields !

€ « Vacuum vessel | /) ’ \\. |

e Superconducting 42 sc bus bars 600 A for corrector

cables magnets (chromaticity, tune, etc....)
f | + 12 sc bus bars for 6 kA (special

R quadrupoles)
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7 Energyistoredsinsasdipole magnet

|Btot| (T)
Dipole magnet
. 265- 28
field map for = 2.50 - 2.65
2.36 - 2.50
one aperture — e
B 206 - 221
1.91 - 2.06
1.77 - 1.91
1.62 - 1.77
1.47 - 1.62
1.32 - 147
1.18 - 1.32
B 1.03- 1.18
I os8s8- 1.03
I 074 - 0.88
B 059- 0.74
B 0.44- 059
B 0.29- 044
B o.15- 029
Il 000- 015
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~Ehergy.stored in LHC magnets

— 2
E dipole — 0.5eL dipole ° | dipole

Gespeicherte Energie pro Dipol: 7.6 MJoule

in allen 1232 Dipolen im LHC: 9.4 GJ
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Strahlenergie

25 ns

Beam energy: Proton Energy e Number of Bunches e Number of protons per bunch

Proton Energy: 7 TeV
In order to achieve very high luminosity:
Number of bunches per beam: 2808

Number of protons per bunch: 1.05 ¢ 103

Energy per beam: 346 MJoule



\What does this mean?

e

10 GJoule......

corresponds to the energy of 1900 kg TNT
corresponds to the energy of 400 kg Chocolate

corresponds to the energy for heating and melting
12000 kg of copper

corresponds to the energy produced by of one nuclear power
plant during about 10 seconds

Could this damage equipment?
How fast can this energy be released?
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Gespeicherte Energie
In Strahl und Magneten

f"‘*- Drop 3

e
e,
S, L
"
™, W3
" g T
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Powering and Quench

Protection

Almost 1800 circuits from 60 A to 24 kA distributed around
the 27 km LHC accelerator => 1800 Power Converter

The eight sectors of the LHC are largely independent -
accurate tracking of current is required

Very high performance is needed for the 24 main circuits
with main dipole and quadrupole magnets at | = 12 kA

Mo Rl e mirn At s1dem A A e~ o~

— FOr tnhe main circuits tne current

S
controlled at the ppm level (12 mA at 12 kA)

Protection of 8000 magnets, 1800 High Temperature
Superconductor current leads, and a large number of
superconducting bus bars
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Voraussetzungen flr einen sauberen

Beam dump must be
synchronised with
particle free gap

Strength of kicker
and septum magnets
must match energy
of the beam

« Particle free gap »
must be free of
particles

Willkommen bei CERN

particlefree abort gap

of 3us \‘X\
Kicker

strength A

>
Time
[llustration of kicker risetime

“Beam Dump”

Kicker
magnets
constant angle

\ Beam dump
sblock

Dr. Sascha Marc Schmeling « CERN



Septum magnet
deflecting the
extracted beam H-V kicker for

Eainting the Beam Dump
eam Block

Fast kicker about 700 m

magnet

about 500 m

AB - Beam Transfer Group
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2808 bunches —)

Energy density 1e+07

[GeV/cm3]
on target axis  1e+06

100000

10000

1000 F

100

10
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2 vaporisation £
——— melting VVVW
0 50 100 150 200

Target length [cm]
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beam absorber
(graphite)

about 8 m

concrete
shielding
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2D THERMO-MECHANICAL
OPTIMIZED DENSITY

L.Bruno: Thermo-Mechanical Analysis with ANSYS

LHC Beam Dump (TDE)

Hydrovtatic Strevs [MP2] ot t38

ANAL YSTS

Preliminary Thermo—mechanical Analytat

(Bruno)

Willkommen bei CERN

AlISYS 5.4

FEB 12 19993

11:33:38

PLOT 1IO. 1

AVG ELEMEINT SOLUTLOIN

STEP=46
SUB =1
TIME=.858E-04
HYD (AVG)
DMX =.396E-04
SMI =—.357E+08
SMX =.580E+07
mmm - 357E+08
mm - JllE+08
-.265E+08
-
.219E+08
-
mm - 173E+08
-.127E+08
-
.804E+07
B
.343E+07
=
mm 1192407
.580E+07

Anal ysis TDECSAM2B
BOUNDARY CONDITIONS
5ilply 5uppn|"t

Edge O.Free

Flane Sirain
LOADS

bucket: &3/2

Tred =: 20.

Tinit : 20,
GEOMETRY

Disk rad. : 350 mn

Diek theck.: n.a.
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\ Y Schutz der Maschine

Magnetenergie

Energy in dipole magnets: 10 GJoule

... per sector reduced to 1.3 GJoule

Uncontrolled release of energy is
prevented:

Fire quench heaters

Current by-passes magnet via
power diode

Extract energy by switching a
resistor into the circuit - the
resistor with a mass of eight
tons is heated to 300 °C 13 kA switches from Protvino Russia

All components of the system have been validated, and
production started (part in collaboration with Russia and India)
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A N Y
LHC - B

EM Calorimeters Sa L
FEC| NEC BARC

RICH
Detector

Vert iy, > (TOF / RICH)
Del% :
: oy ;
~ ' —L_1_&

—

Detector characteristics LI =14 ES40 - V10/09/97

Width:  22m
Diameter: 15m
Weight: 145001



1954-2004

ATLAS Experiment

ﬁ Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width: 44m
\ g Diameter: 22m

> ﬁ Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

End Cap Toroid

i Inner Detector -
il Hadronic Calorimeters ek
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&) ] CMS Experiment

i vacuum chamber

e central detector

e electromagnetic
calorimeter

, | hadronic
\ |~ calorimeter

& muor S
Detector characteristics A
\\:\ '

Width: 22m
Diameter: 15m
Weight:  14'500t

Dr. Sascha Marc Schmeling « CERN
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. LHCb Experiment

LHC-B

Detector

I Muon
T'-Chamb;/

Hadron
Calorim

Detector | % . 3
i - b I ] § J.-\ 4 i _\_&:
Vertex . »¥ ~
Deétector | Electromagnetic~
:Sh RICH Calorimieter ~
l \Ql\tector '

¥ “"\, .
lron- - Ry
Yoke :
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ALICE Experiment
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Spin-Offs

RADIODS
220295
P06

NB.CONT
1

; ID.CONT
cgm214946
o ES
s

ifJ

¥ "meew seammms semes

- - Ve
ASQUER : \ v/
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l \

]
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THAT COMCLUDES MY
TWO-HOUR PRESENTA-
TION. ANY QUESTIONS?

winw dilbert.com  scotiadama®scloom

D 2003 Uniled Fealues Syndicals, Inc.

DID YOU INTEND THE
PRESENTATION TO BE
INCOMPREHENSIBLE,
OR DO YOU HAVE SOME
SORT OF RARE "POWJER -
POINT" DISABILITY?

J

& 2003 United Festurs Syndionta, Ino

2 M= |

B4 |on

ARE THERE

ANY QUESTIONS

ABOUT THE
CONTENT?

THERE WAS
CONTENT?

AN




2.1 a) Cockeroft — Walton - Beschleuniger GUTEM.@E’&&'AT

FACHBEREICH PHYSIK
}}_.:._( ) =05 - 10 kHz

Erzielbare
Hochspannung:
400 — 800kV

[
I

& g
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I~~~

I
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Maximal mégliche
Spannung:
1,5MV

#l'
7

¥/l
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T.J T
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o

Seminar zum F-Praktikum Teilchenb hi .
Montag 25. April 2005 elichenbeschieuniger

Begrenzung durch
Koronaentladung
100kV/cm

4

Leiter: Prof. Dr. Th. Walcher
Referent: Marco Mazzone




3.1.2 b) Hohlraumresonatoren (Cavities) GUT_E@R_EVB&M
FACHBEREICH PHYSIK
Alvarez-Struktur und Phasenstabilitit ;
d fester Zeitpunkt
bbbl fodvidvidvidval [l vl islvdvieg [edvidedvy
— = =i - " =z ’ \ @ (oder 2)
GOEEE |[OOEOE (EOOEE |EOORE [EO®EG
E,
" - ————— e fester Ort
a | | | _________
\z ‘ A .
E O bl Zeit _
|J_—| v t
| L HF . hv
Y
Seminar zum F-Praktikum Teilchenb hi . Leiter: Prof. Dr. Th. Walcher
Montag 25. April 2005 elichenbeschieuniger Referent: Marco Mazzone

CERN



Linacs

@ Linacs: Linear Accelerators
@ Beschleunigung durch elektrische RF-Felder
U(t) = Up sin wt

@ 1925 vorgeschlagen von Ising;
1928 Test durch Wideroe;
1946 Alvarez-Struktur

@ Driftréhren wachsender Lange
ion source drift tubes
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lifetimeswithsneminal intensity at 7 TeV

Beam Beam power into Comments
lifetime | equipment (1 beam)
100 h 1 kW Healthy operation
10 h 10 kW Operation acceptable, collimation must
absorb large fraction of beam
energy

(approximately beam losses = cryogenic
cooling power at 1.9 K)

0.2 h 500 kW Operation only possibly for short
time, collimators must be very efficient

1 min 6 MW Equipment or operation failure -
operation not possible - beam must be
dumped

<<l1 > 6 MW Beam must be dumped VERY FAST

Faimiﬂas will be a part of the redqular operation and MUST be anticipated
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Momentum at collision
Momentum at injection

7 TeVl/c
450 GeV/c

Dipole field at 7 TeV

8.33 Tesla

superconducting NbTi

Circumference 26658 m magnets at 1.9 K
Number of bunches 2808 High luminosity at 7 TeV
Particles per bunch 1.1- 101 very high energy stored
DC beam current 056 A in the beam
Stored energy per beam 350 MJ
N o - beam power

ormalised emittance - HM 11 concentrated in small
Beam size at 1P/ 7 TeV 15.9 hm area
Beam size in arcs (rms) 300 m

Arcs: Counter-rotating proton beams in two-

In-one magnets

Distance between beams

Willkommen bel CERN

194 mm

Limited investment
small aperture for beams
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Powering Sector:

154 dipole magnets
about 50 quadrupoles

\ DC Power feed
total length of 2.9 km

LHC
27 km Circumference

3==  DC Power

Octant

Powering Subsectors:

* long arc cryostats
o triplet cryostats
 cryostats in matching section

Powering Subsectors allow for
progressive Hardware Commissioning

. - 2 years before beam
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currentiin a string of dipole magnet

Power Converter

Magnet 1 Magnet 2 Magnet i Magnet 154

LHC powered in eight sectors, each with 154 dipole magnets
Time for the energy ramp is about 20-30 min (Energy from the grid)
Time for discharge is about the same (Energy back to the grid)
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